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A B S T R A C T 
The f r a c t i o n a l d i s t r i b u t i o n o f l y m p h o c y t e subsets was d e t e r m i n e d i n t h r e e m a l e s u b j e c t s . 
I t s c o n t r i b u t i o n t o t h e c i r c a d i a n v a r i a t i o n i n t h e exp r ess i on o f ß2~adrenoceptor s i t e s 
on pe r iphera l m o n o n u c l e a r l e u c o c y t e s ( M N L ) was c a l c u l a t e d t o be 92 .7 -107 .3 % o f t h e 2 4 h -
m e a n . Th is s t r o n g l y f a v o r s t h e i d e a t h a t t h e a c t u a l l y obse r v ed c i r c a d i a n r a n g e o f 7 4 . 5 -
124.9 % of the 2 4 h - m e a n c o n s t i t u t e s a c i r c a d i a n r e c e p t o r d o w n - a n d u p - r e g u l a t i o n . 
K E Y W O R D S 
c i r c a d i a n v a r i a t i o n , ß 2 - a d r e n o c e p t o r s , p e r i p h e r a l m o n o n u c l e a r l e u c o c y t e s ( M N L ) , 
l y m p h o c y t e subse ts , h u m a n s 
I N T R O D U C T I O N 
M N L a r e w i d e l y used f o r c l i n i c a l s tud i es e v a l u a t i n g t h e e xp r e s s i on a n d f u n c t i o n o f 
ß 2 - a d r e n o c e p t o r s ( H a e n 1987 , B rodde e t a l 1985, M i d d e k e e t a l 1985) . We r e c e n t l y 
d e s c r i b e d a c i r c a d i a n v a r i a t i o n i n t h e exp ress i on o f ß2~adrenoceptors o n p e r i p h e r a l 
M N L (Pange«-1 e t a l 1986 , H a e n 1987 ) . S ince T - l y m p h o c y t e s have been r e p o r t e d t o bear less 
t h a n h a l f t h e n u m b e r o f ß2~adrenoceptor s i t es as B - l y m p h o c y t e s ( L a n d m a n n e t a l 1984 , 
K r a w i e t z e t a l 1982) , t h e c i r c a d i a n v a r i a t i o n i n t h e e xp r e s s i on o f ß2~adrenoceptor 
sites may r e s u l t f r o m a c i r c a d i a n v a r i a t i o n i n t h e n u m e r i c a l d i s t r i b u t i o n o f t h e s e l y m p h o -
c y t e subsets . 
M A T E R I A L S A N D M E T H O D S 
Venous b l o o d was d r a w n a t 14h00 , 18h00, 22h00 , 02h00 , 06h00 , lOhOO, a n d a g a i n a t 14h00 
f r o m t h r e e m a l e s u b j e c t s , 2 4 - 3 4 years o f age. P e r i p h e r a l m o n o n u c l e a r l e u c o c y t e s w e r e 
i m m e d i a t e l y h a r v e s t e d by F i c o l l - H y p a q u e d e n s i t y g r a d i e n t c e n t r i f u g a t i o n . T h e c e l l s w e r e 
incubated w i t h a se t o f mouse I gG m o n o c l o n a l a n t i b o d i e s ( C D 3, C D 4, C D 8, C D 37 s p e c i f i c 
f o r T - , T h e 
l p e r " > ^ s u p p r e s s o r " ' a n d B - c e l l s , r e s p e c t i v e l y ) a n d i n a s e cond s t e p 
w i t h a f l u o r e s c e i n i s o t h i o c y a n a t e ( F I T C ) - l a b e l e d g oa t a n t i - m o u s e I gG m o n o c l o n a l a n t i b o d y . 
A f t e r washing o u t e x c e e d i n g a m o u n t s o f a n t i b o d y t h e c e l l s w e r e f i x e d i n 0 . 1 % p a r a f o r m a l d e -
hyde and s tored a t 4 ° C . A p p r o x i m a t e l y one week a f t e r s a m p l i n g t h e f i x e d c e l l s w e r e r u n i n 
a f l u o r e s c e n c e a c t i v a t e d c e l l s o r t e r ( FACS ) t o c o u n t t h e p e r c e n t a g e o f l a b e l e d c e l l s i n a 
c e l l f r a c t i o n g a t e d t o c o n t a i n l y m p h o c y t e s and m o n o c y t e s . The d i s t r i b u t i o n o f l y m p h o c y t e 
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s u b s e t s was c o m p a r e d t o t h e c i r c a d i a n v a r i a t i o n s i n ß2~adrenoceptor s i t e s on p e r i p h e -
r a l M N L and in t o t a l l y m p h o c y t e c o u n t i n a n o t h e r g r o u p o f s even h e a l t h y m e n ( P a n g e r l e t 
a l 1986). 
The subjec ts w e r e asked t o f o l l o w a r e g u l a r l i f e - s t y l e f o r t h e t w o weeks p r e c e e d i n g t h e 
s tudy w i t h bed r e s t b e t w e e n 23h00 and 07h00 . O n t h e day o f t h e s t u d y t h e sub j e c t s s t a y e d 
i n t h e c l i n i c a l p h a r m a c o l o g i c a l r e s e a r c h u n i t o f t h e i n s t i t u t e . They c o n t i n u e d t o f o l l o w 
the i r n o r m a l d a i l y r o u t i n e . Sub j ec t s w e r e a sked t o r e c o r d m e a l t i m e s , t h e c o n s u m p t i o n o f 
a l c o h o l a n d Co f f e ine . A l l w e r e n o n - s m o k e r s . 
C i r c a d i a n v a r i a t i o n s w e r e s t a t i s t i c a l l y v a l i d a t e d by t h e c o s ino r m e t h o d ( H a l b e r g e t a l 
1967 ) and by ana l ys i s o f v a r i a n c e (anova ) . S i g n i f i c a n c e l i m i t was ρ < 0 .05. 
R E S U L T S 
T h e f r a c t i o n a l d i s t r i b u t i o n o f T - and B - c e l l s showed a l a r g e i n t e r - i n d i v i d u a l v a r i a t i o n 
a n d v a r i e d w i t h i n 24 h o u r s , b u t t h e c i r c a d i a n v a r i a t i o n d i d n o t r e a c h s t a t i s t i c a l s i g n i f i ­
c a n c e ( F i g . 1). The h i g h e s t p e r c e n t a g e o f T - c e l l s was obse r v ed a t 18h00 (73 .0+0 .45 % 
o f g a t e d c e l l s , x+SE) , t h e l o w e s t p e r c e n t a g e a t 02h00 (56.4+9.7 % o f g a t e d c e l l s , 
x + S E ) . _ T h e h i g h e s t p e r c e n t a g e o f B - c e l l s o c c u r e d a t lOhOO (11.2+6.9 % o f g a t e d 
c e l l s , x + S E ) , t h e l o w e s t p e r c e n t a g e was seen a t 18h00 (6.31-3.0 o f g a t e d c e l l s , 
x*+SE). T n e ] p e r - a n d T S U p p r e s s o r - c e l l s a l s o d e m o n s t r a t e d aF s t a t i s t i c a l l y i n s i g ­
n i f i c a n t v a r i a t i o n w i t h h i g h e s t p e r c e n t a g e o f T n e i p e r a t 0€h00 (51 .5+1.2 % o f 
g a t e d ce l l s ) a n d o f T s u p p r e s s o r a t 06h00 (22 .0+1 .0 % o f g a t e d c e l l s ) . The l o w e s t 
f r a c t i o n was seen a t 06ho0 (34.6+4.2 % o f g a t e d c e l l s ) a n d a t 22h00 (12 .0+3.0 % o f 
g a t e d c e l l s ) f o r T n e | p e r and T S U p p r e s s o r , r e s p e c t i v e l y ( a l l x+SE) . 









-L V cells 
l [ V cells 
j B-cel ls 
06°° 10°° U ° ° 
time of day (h) 
Fig . 1. F r a c t i o n a l d i s t r i b u t i o n o f h u m a n l y m p h o c y t e subsets d e t e r m i n d e d ove r 24 hours 
The t o t a l l y m p h o c y t e c o u n t d e m o n s t r a t e d a c i r c a d i a n v a r i a t i o n ( p < 0 . 0 1 a n o v a , p=0 .07 / 
PR=61.3% i n p o p u l a t i o n - m e a n cos ino r ana l ys i s , F i g . 2 l o w e r pane l ) w i t h h i ghes t n u m b e r s a t 
0 2 h 0 0 ( 3 3 6 7 + 2 3 6 c e l l s ) a n d l o w e s t n u m b e r s a t lOhOO (2175+262 c e l l s , a l l x+SE) . 
Highest ß2~adrenoceptor d e n s i t y o c c u r e d a t t h e t i m e o f l o w e s t l y m p h o c y t e c o u n t (lOhOO), 
t h e number o f r e c e p t o r s i t e s d e c r eased t o a m i n i m u m a t 0 2 h 0 0 , w h e n t h e t o t a l n u m b e r o f 
l y m p h o c y t e s is h i g h e s t . The c i r c a d i a n range was 74 .5 -124 .9 % o f 2 4 h - m e a n f o r t h e e x p r e s -
s i o n o f ß 2 - a d r e n o c e p t o r s i t e s on p e r i p h e r a l M N L . 
Circadian variation of ß2-adrenoceptor sites 443 
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F i g . 2. C i r c a d i a n v a r i a t i o n i n ß2~adrenoceptor d e n s i t y on p e r i p h e r a l m o n o n u c l e a r l e u -
cocytes (upper pane l ) and i n t o t a l l y m p h o c y t e c o u n t ( l o w e r pane l ) o f h e a l t h y m e n . 
S i n c e t h e ß2~adrenoceptor d ens i t y o n M N L is expressed as s i t e s/c e l l t h e c i r c a d i a n 
v a r i a t i o n i n t h e express i on o f these r e c e p t o r s is c o r r e c t e d f o r t h e c i r c a d i a n v a r i a t i o n i n 
t o t a l l y m p h o c y t e c o u n t . L a n d m a n n e t a l 1984 , h o w e v e r , r e p o r t e d a d i f f e r e n t ß2~adreno-
c e p t o r d e n s i t y on T - c e l l s (1400 s i t e s / c e l l , i r r e s p e c t i v e o f T h e j p e r o r T S u p p r e s s o r ) 
a n d on B - c e l l s (3700 s i t e s/ce l l ) . A c i r c a d i a n v a r i a t i o n i n t h e f r a c t i o n a l d i s t r i b u t i o n o f 
l ymphocyte subsets m i g h t a c c o u n t , t h e r e f o r e , f o r t h e c i r c a d i a n v a r i a t i o n i n t h e exp r ess i on 
o f ß 2 ~ a d r e n o c e p t o r s i t e s o n p e r i p h e r a l M N L : 
The t o t a l n u m b e r o f l y m p h o c y t e s r e a ches a m i n i m u m a t t h e t i m e o f h i ghes t ß2~adrenocep-
to r d e n s i t y (lOhOO). A t t h a t t i m e t h e p e r c e n t a g e o f B - c e l l s a m o n g p e r i p h e r a l M N L is h i g h -
e s t ( 11 .2% ) : a p p r o x i m a t e l y 243 c e l l s o f 2175 t o t a l l y m p h o c y t e s m a y be B - c e l l s b e a r i n g 
according t o L a n d m a n n e t a l 1984 a t o t a l n u m b e r o f 8 .99x1 Φ s i t e s ; 60.5 % o f t h e t o t a l 
l y m p h o c y t e s a r e T - c e l l s ( 1 3 1 6 c e l l s ) t h a t add a n o t h e r 1 . 8 4 x l 0 6 ß2~adrenoceptor 
sites r e s u l t i n g i n an ave rage va lue f o r a l l l y m p h o c y t e s a t t h a t t i m e o f day o f 1259 s i t es/ 
c e l l . A t t h e t r o u g h o f t h e c i r c a d i a n v a r i a t i o n i n t h e exp r ess i on o f ß2~adrenoceptor 
sites (02h00) t h e t o t a l n u m b e r o f l y m p h o c y t e s is h i g h e s t . A t t h a t t i m e 8.1 % (273 ce l l s ) 
o f t h e l y m p h o c y t e s (3367 ce l l s ) a r e B - c e l l s p a r t i c i p a t i n g 1.00x10^ ß2~adrenoceptor 
s i tes . The f r a c t i o n o f T - c e l i s is m i n i m a l a t t h a t t i m e : 56.4 % (1899 ce l l s ) o f t h e l y m p h o -
c y t e s b e a r 2 . 6 6 x 1 0 ^ ß 2 - a d r e n o c e p t o r s . Th i s r e s u l t s in an a v e rage v a l u e f o r a l l 
l y m p h o c y t e s o f 1087 s i t e s/ce l l a t 0 2 h 0 0 . 
A c c o r d i n g t o t h i s v e r y r ough c a l c u l a t i o n t h e c i r c a d i a n range o f t h e v a r i a t i o n in t h e e x -
press ion o f ß2~adrenoceptor s i t es on p e r i p h e r a l M N L w o u l d be 92 .7 -107 .3 % o f t h e 2 4 h -
mean, w h i c h is m u c h less t h a n t h e one a c t u a l l y obs e r v ed (74 .5 -124 .9 % o f t h e 2 4 h - m e a n ) . 
Q u i t e a n u m b e r o f i n c e r t a n t i e s a re a s s u m e d i n t h i s c a l c u l a t i o n : I t has n o t y e t been e s t a -
b l i shed , how t h e e x t e n s i v e h a n d l i n g w i t h a n t i b o d y l a b e l l i n g and F A C S - a n a l y s i s a f f e c t s t h e 
e x p r e s s i o n o f ß2~adrenoceptor s i t e s o n M N L . In t h i s c o n t e x t t h e d a t a r e p o r t e d by 
L a n d m a n n e t a l 1984 have t o be r e g a r d e d as p r e l i m i n a r y . A l s o our d a t a on t h e f r a c t i o n a l 
d i s t r i b u t i o n o f l y m p h o c y t e subsets a r e r a t h e r p r e l i m i n a r y due t o t h e s m a l l n u m b e r o f 
sub jec ts ; s ome c e l l t ypes such as m o n o c y t e s w e r e n o t i n c l u d e d y e t i n t o t h e ana l ys i s b u t 
m a y express ß2-adrenoceptors as w e l l . N e v e r t h e l e s s t h e c a l c u l a t i o n y i e l d e d r easonab le 
D I S C U S S I O N 
444 Ε. Haen et al. 
a d r e n o c e p t o r d e n s i t i e s , b u t i t appears t h a t t h e f r a c t i o n a l d i s t r i b u t i o n o f l y m p h o c y t e 
subsets does n o t show a r e l e v a n t c i r c a d i a n v a r i a t i o n a t a l l . Th i s s t u d y does n o t p r e c l u d e , 
howeve r , t h a t t h e l y m p h o c y t e subset c o m p o s i t i o n m y change i n response t o s h o r t a c t i n g 
s t i m u l i s u c h as p h y s i c a l e x e r c i s e . A c c o r d i n g t o t h i s s t u d y d i f f e r e n t l y m p h o c y t e subset 
d i s t r i b u t i o n s m a y c o n t r i b u t e ( i f a t a l l ) o n l y l i t t l e t o t h e c i r c a d i a n v a r i a t i o n i n t h e e x ­
press ion o f ß2~adrenoceptor s i t e s on p e r i p h e r a l M N L . As o u t l i n e d e l s e w h e r e (Haen 1987) 
t h e c i r c a d i a n v a r i a t i o n i n t h e e xp r e s s i on o f ß2~adrenoceptor s i t e s on p e r i p h e r a l M N L 
r a t h e r c o n s t i t u t e s a c i r c a d i a n r e c e p t o r d o w n - a n d u p - r e g u l a t i o n i n response t o h o r m o n a l 
s t i m u l i , such as a d r e n a l i n e and C o r t i s o l c o n c e n t r a t i o n s i n b l o o d , r e s p e c t i v e l y . 
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